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Abstract—The method of Faraday impedance was applied to study the kinetics of tin electrodeposition from
a sulfate electrolyte in the simultaneous presence of syntanol DS-10, formalin (37% solution), and benzyl
alcohol.

Previously, the kinetics of tin electrodepositionshow thatC decreases with increasing frequency and
from a sulfate electrolyte in the presence of syntanalk constant in the range 360 kHz. It was assumed
DS-10 has been studied [1]. Dull tin coatings haveon the basis of this fact that the differential capaci-
been obtained in this electrolyte. It has been showtance measured at these frequencies is the capacitance
that the kinetics of tin electrodeposition depends omf the electrical double layer (EDL).

the electrode potential and is gaverned by a hetero- 1o measurements were done using a series equiv-
geneous and a homogeneous chemical reactions.yient circuit. TheC, and R, values obtained with

In [2], the electrodeposition of tin from a sulfate an ac bridge were recalculated @ and R, values
electrolyte in the presence of syntanol, formalin (37%44]. The equivalence of the circuit was verified using
solution), and benzyl alcohol was studied. It waghe procedure described in [5]. The electrode imped-
shown that that, with these organic substances preseamce com;gonent@S and 1b C, were studied in rela-
simultaneously in an electrolyte subjected to stirringtion to o~ 2

. . . . _ _2
shining coatings are formed gt = 4-12 A dn*. The results obtained in measuring the cathode cur-
It was of interest to study the kinetics of tin electro-rent density and EDL capacitance as functions of the
deposition in the presence of these organic substancesectrode potential demonstrate that organic additives
This was done, as in [1], using the Faraday impedandehibit tin electrodeposition (Fig. 1, curvelsand 2).
method. The differential capacitance was measureft potentials in the range-0.3...-0.4 V the EDL
during electrolysis with an R-5021 ac bridge at fre-
guencies in the range 200 H20 kHz on an electrode 0.12
made of tin-coated platinum wireS(= 0.126 cnd),
placed at the center of a platinum-black-coated plat- -
inum cylinder. Electrochemical measurements were
carried out using a P-5878 potentiostat in an electro- « 0.08
lyte stirred with a magnetic stirrer.

A tin layer 10pm thick was deposited onto the sur-
face of the working electrode. The electrode surface
was refreshed before making a measurement at each 0.041
potential. The discrepancy between the results of
measurements in different series did not exceed 5%. i
The potentials are given relative to a standard hydro-
gen electrode. The differential capacitances in electro-
lytes with organic additives are given with account of £,V

the roughness factdr The procedure for determining  Fig. 1. (1) Cathode current density. and @) differential
f was described in [3]. capacitance of the electrical double lay€x,at 30 kHz vs.
. . _ the electrode potentiaE. Electrolyte composition (gh):

The results obtained in measurements of the dif- snsq 30, H,SO, 100, syntanol 2; formalin and benzyl

ferential capacitanc€ at different electrode potentials  alcohol 6 mit! each; mechanical stirring.

ic, Acm
1
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Fig. 3. Electrode impedance componenty R and @)
~  30F 1l/oCg and @, 4) phase shift vso~12 at different elec-
g trode potentials. Potential (V):1(2) -0.8; 3) —-0.3 and
o -0.6; and ¢ -0.4, -0.7, and-0.8.
~ 20
o (@) (b)
3 Cyq Cyq
= 10 R. Re
%En
Ry Ci R: Cr R:
_12 102 —12 Fig. 4. Equivalent electric circuits of the process of tin de-
o x 4 position from a sulfate electrolyte with organic additives
at different potentials.R, is the electrolyte resistance;
Fig. 2. Electrode impedance components €; 5, 6) Rg Cq. capacitance of the electrical double layRy;the transi-
and @, 4; 7, 8) 1/o Cq vs. o™ 12 at different electrode po- tion resistance; an€, and R, the capacitance and resis-
tentials. Potential (V):%, 4) -0.3, 2, 3) -0.4, 6, 7) -0.6, tance of a heterogeneous chemical reaction. Potential (V):
and 6, 8) -0.7. (@) -0.3, -0.4, and-0.8; (b) -0.7 and-0.8.

capacitance is 5.%.1 pF cni?. At E < -0.54 V the 2, and5). At a potential of-0.7 V, R, passes through
EDL capacitance and the electrodeposition rate ina maximum with increasing frequency and then tends
crease. The inhibition of the process in the electrolytéo zero (Fig. 2, curves). The capacitive components
with organic substances is due to their adsorption anaf the impedance, &/C,, much exceedR,. At a fre-
formation on the electrode surface of a dense adsorpguency of 200 Hz and potentials equal-t6.3,-0.4,
tion layer, which starts to disintegrate Bt< -0.4 -0.6, and -0.7 V, lC varies in the interval
owing to desorption of molecules of the organic sub16-40 Q cn? (Fig. 2, curvess, 4, 7, and8). With in-
stances [6]. Dull coatings are obtained at potentials iereasing frequency, &/C, decreases, passes through
the range-0.2...-0.6 V, and shining coatings, at a maximum at a certain frequency, and then tends to
-0.7...-0.83 V. With account of these data, the Far-zero. The only exception is the potential-09.8 V at
aday impedance was measured at potentials@8, which the 16 Cs—co_lz dependence shows a decrease
-0.4, -0.6, -0.7, and-0.8 V. The dependences of from 4.2 to 2.5Q cn? after the maximum (Fig. 3,
R, and 16 C, on o Y2 are presented in Figs. 2 and curve 2).

3, curvesl and 2, whence it can be seen thRy at Analysis of the results of impedance measurements
200 Hz varies within the interval-1.0 Q cm” at all .

: : suggests that the impedance dependences correspond
the potentials studied. A+0.3, -0.4, and-0.6 V, to equivalent electric circuits with in-series connec-
R, grows gradually with increasing frequency and.. " : :

. tion of the transition resistanc®, capacitanceC,
passes through a maximum to reach a constant val . .
. d resistanceR. of a heterogeneous chemical re-
after that at a frequency of 20 kHz (Fig. 2, cur/es : _ . ,
2, and5). At E =-0.8 V, R, varies in the range 0-9 action atk = ~0.3, -0.4, and-0.8 V (Fig. 4a); and
’ : AN . 10 in-series connection of the capacitar€eand re-

1.2 Qcn? with frequency increasing in the interval _; : -
. . g sistanceR, of a heterogeneous chemical reaction at
200-300Q Hz; at higher frequenciel; increases to ="_" 07" 14 _ 08 Vv (Fig. 4b).

1.6 Q cn?? (Fig. 3, curvel). Extrapolation ofR; val-

ues to higher frequencies yields the ?transition resis- Thus, it may be concluded that the process kinetics
tanceR,. At E equal to-0.3,-0.4, and-0.6 V, R, is governed by a transition reaction and a heteroge-
is, respectively, 8.5, 4, and@ cn? (Fig. 2, curvesl, neous chemical reaction in obtaining dull coatings,
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and by a heterogeneous chemical reaction in depositinetics of the electrodeposition process is determined
ing shining coatings. The transition resistanceEat by a heterogeneous chemical reaction, which has var-
-0.3,-0.4, and-0.6 V is due to the hindered stageied nature depending on the electrode potential.

of discharge of tin ions. The heterogeneous chemical

reaction is of varied nature, depending on the elec- CONCLUSIONS

trode potential.

At the potential of maximum adsorptio, = —0.3
and -0.4 V) the heterogeneous chemical reaction i
determined by the stage of tin ion penetration to th
electrode surface across the adsorption layer. In th

case, the process kinetics is governed by the so-call 1als at which dull tin coatings are formed is deter-

“penetration overvoltage[7]. . - X

mined by a transition reaction and a heterogeneous

At E =-0.6 and-0.7 V, when the adsorption layer chemical reaction.

starts to disintegrate because of the desorption of or- 2 In th f potentials at which shini
ganic substances from the electrode surface, the het. (2) N the range of potentials at which shining
erogeneous reaction is the chemical reaction of tig;atlngs are formed, the process rate is determined
atoms adsorbed on the electrode surface with organfty @ Neterogeneous chemical reaction.
substances or products of their reduction. The het- (3) It was shown that the part of the transition re-
erogeneous chemical process occurring at—0.8 V  action is played by the hindered reaction of discharge
is crystallization, with the transition resistané& =  of tin ions, and the heterogeneous reaction has varied
R, (crystallization resistancelR,, = 2 Q cn?. nature, depending on the electrode potential. At po-
tentials of-0.3 and-0.4 V, when a dense adsorption

c orﬁs 0?}';?}?%3; t?lcét(iar?l’ :ga:cg?éi c\r/l etshg ggﬁ;gmli aII er is formed on the electrode surface, the hindered
P p E ge of the process is penetration of tin ions across

after passing through a maximum. Extrapolation o :
1/oCq to higher frequencies yields a valueoIZ,, he adsorption layer. _ .
where C,, is the crystallization capacitance. Accord- (4) At more electronegative potentialE & 0.6,

(1) A study of the kinetics of tin electrodeposition
rom a sulfate electrolyte in the presence of syntanol
S-10, formalin (37% solution), and benzyl alcohol
the method of the Faraday impedance established
at the kinetics of the process in the range of poten-

ing to the data of [5] -0.7 V), when the adsorption layer starts to disinte-
grate as a result of desorption of organic substances
Cy = ZZFZCa 4RT, from the electrode surface, the role of the heteroge-

neous reaction is played by the interaction of metal
whereC, is the concentration of adatoms on the elecatoms adsorbed on the electrode surface with organic
trode surfacez is the charge of tin cations, arfélis ~ substances or products of their reduction, and &t
the Faraday number. -0.8 V, by crystallization.
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